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SUMMARY

A contact theorem for the interface between a hard, flat, smooth

wall with an arbitrary distribution of sticky sites and a fluid containing

charged hard spheres is derived.



In recent times there have been a number of experiments which

reveal the detailed nature of the metal-electrolyte interface. It is then

of interest, to incorporate the details of the surface structure into the

theoretical models of the electrode interface . A rather basic way of

(2y :
doing this is to use the sticky potential of Baxter , which has been

used to study adsorption phenomena at interfaces ( f)tA model of a structu-

red interface in which the atoms of the metallic electrode are represented

by sticky sites was discussed in a previous publication .. ......... I --

On the other hand, one knows that in spite of the relative com-

plexity of the interactions at charged, flat interfaces, there is a sum

rule, which derives from momentum conservation which is the so-called con-

tact theorem (5 ) which relates the contact density near a hard wall to the

excess charge on that wall. In the absence of image forces we have, for

the primitive model, in which the ions are hard spheres of diameter a.

embedded in a continuum dielectric media.

s eE 2

k BT Z pi(i/2) - P + -- ()

where pi(ai/2) is the contact density of the ion i (i - I ... s),

kB is the Boltzmann constant, T the absolute temperature, P is the

pressure, e the dielectric constant and E the external applied field.

Equation (1) represents the force balance equation. For the non-primitive

model in which the solvent is represented by a collection of hard spheres

of diameter a (n - I ... M) with an electric dipole (or in general, an

multipole), the contact theorem (I) becomes

s M E2

k T Z pi(ai2) + kBT E p (a/2) - P + (2)
B p( nil n n8

m ~ ~ ~ ~ m nW m |S



where we have lost the dielectric constant e in the last term, and we

got an extra term in the left hand side.

In the present note we extend the contact theorem (I) and (2) to

the case in which the electrode wall has an arrangement of sticky spots

represented by the interactions.

Bi(r1)e ( 1 + 6(x1) F(R1) (3)

where B = I/kBT is the Boltzmann factor, v i )(r is the adsorption po-

tential, rI - xlylZl is the coordinate of particle I , R1 S y',z is

the position in the adsorbing plane, while x, is the distance to that

plane. For a regular lattice of 
adsorbing sites

(4 )

F(R) E 6(R - R) (4)
m~my,m z

y z

where R indicates the position of the sticky sites, indexed by the entirem

numbers m y,mz . But in general F(R) is an arbitrary function. The para-

meter A is just an order parameter.

The number density of particles of species i at rI is 0i( )r

We define the regular part of this function by means of the relation

P-(rrI Yi(r )I + A 6(x) F(' )]=3 =8.r yc( l [ (5)

Consider now the Born-Green-Yvon equation for a mixture near a

planar interface



k BT L 0i(r )
ax!

Y yi(r) R F.(x - a(r u(x
I a I . ax1  i

-P i (rIJ dr 2  j(r 2) gij(l,2) - uij (r 12) (6)

where u(x l) , u ij(r12) are the I and 2 body forces, gij (,2) is tI'e

inhomogeneous pair correlation function.

If we integrate (6) over r1 , divide by S , the area of the

interface and use the definitions

P (x IdRI i(rl) (7)

l ( dR Yi( ) F(R) (8)

we get, after a short calculation

kBT E ~T~o Q(0) ~ x
i ' ix-O

- 1 drl o(r1) ax (

dr I d 2 p.(r) 0j(r 2 ) g..(l,2) ! ui(r (9)1 2i 2 I x j1



and

k TQp(0) X Y.W + P - (dr I pi(r) L u.(x) (10)
B i x-O S )x

where P is the bulk pressure. The last term depends on the explicit form

of the wall particle interaction. For a flat, charged wall, we get using

ui (x) - e. x E0  (11)

where e. is the charge, and E0  is the bare field at the surface. Using2. 0

electroneutrality, we get, after a short calculation :

28 € E0

kBT E pi ( 0 )  
-X Z Yi ( x )  0+ +  (12)

B i ax .(x) 08

which is the extension of the contact theorem (5 ) to a sticky surface with

an arbitrary sticky potential A F(R) . The new term can be put in a

slightly more explicit form for a surface with a sticky point lattice

(equation 4).

(x) - L E LY(x,O) (13)
i ax iax i i x

LIx-0 1. IX-0

where we have assumed that the sticky point is at the origin of the lattice,

and w is the area of the unit cell.

Equation (13) also applies to the case of a mixture of ions and

hard solvent molecules, in which case the dielectric constant is e - e = I

in the gaussian system.

The above procedure can be used to extend the contact theorem

(6)
previously derived for an ideally polarizable interface ( . The result is

i - _ _ _



(using the notation of Ref. 6, for the left (L) and right (R) phases)

PL-_ P R a L T/(0)2) L - R (0) _ R

- k T -- T (/2/2 +

B TE a/2 x/ x) (14)

In a recent publication, F. Cornu ( 7) has verified these theorems

for the case of the 2-dimensional one component plasma.
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